Abstract. Introducing highly active antiretroviral therapy (HAART) has significantly decreased the morbidity and mortality in human immunodeficiency virus-positive (HIV + ) individuals by decreasing the viral loads and increasing the CD4 + T-cell counts. Subsequently, the occurrence of many HIV-associated diseases has been dramatically declined except human papillomavirus (HPV)-associated lesions. Such notion suggests that immune response is not a major determinant, and that the direct interaction between HIV and HPV may be involved in the HPV-associated pathogenesis. In the current study, we investigated whether HIV plays a direct role in HPV-associated oral carcinogenesis by using HIV-1 transactivator protein (Tat), which is known to have oncogenic properties. We found that HIV-1 Tat not only increased the expression of HPV-16 E6 and E7 oncogenes in human oral keratinocytes harboring the HPV type-16 genome (HOK-16B), but also notably enhanced the proliferative capacity of the cells in vitro. Moreover, HOK-16B cells expressing HIV-1 Tat was capable of inducing cystic nodules in nude mice, while the control HOK-16B cells failed to produce nodules in the mice. Our results indicate that HIV could play a role in the HPV-associated pathogenesis by exerting oncogenic stimulus via Tat protein.
Introduction
It is widely known that the prevalence and incidence of human papillomavirus (HPV) infection and HPV-associated diseases including squamous cell carcinoma are greater in human immunodeficiency virus-positive (HIV + ) individuals when compared to HIV -individuals (1, 2) . In HIV + individuals, studies described increased incidence and prevalence of both anal/cervical HPV infection and invasive anal/cervical cancers as compared to HIV -individuals (3, 4) . Similarly, several reports suggest increased occurrence of HPV-associated oral squamous cell carcinoma (OSCC) in HIV + individuals (5-9). Early observations suggest that the prevalent tumor incidences in HIV + individuals are primarily attributed to the defective tumor surveillance mechanisms associated with immunodeficiency. However, HIV + individuals with no sign of acquired immunodeficience syndrome (AIDS) and with normal CD4 + T-cell count still exhibited elevated incidence of rapidly progressing, refractory cervical intraepithelial neoplasia (10) , indicating that immunosuppression alone cannot account for the increased occurrence of HPVassociated lesions and tumor development in HIV + individuals.
HIV transactivator protein (Tat) plays a direct role in the tumor pathogenesis of HIV. Tat is a 14-15 kDa protein essential for HIV transcription and replication (11) . Tat gene is composed of two exons; exon 1 contains amino acids 1-72, and exon 2 contains amino acids 73-101. Tat protein is frequently expressed in variant forms, which range in length from 72 amino acids (one-exon Tat) to 86-101 amino acids (two-exon Tat) (12) . Mutation analyses of Tat have revealed the presence of multiple functional domains in the first exon of Tat (13) . The N-terminal domain contains transactivation domain which is composed of the acidic, cysteine-rich, and conserved RKGLGI domain. The basic, arginine-rich domain (RKKRRQRRR) is important for nuclear localization and protein transduction activities (14) . Tat is also an RNA binding protein, and the C-terminus of the first exon was mapped for this activity (15) . Several studies have suggested that the second exon of Tat is important for T-cell activation (16) and for induction of apoptosis by inhibiting manganese superoxide dismutase (Mn-SOD) activity (17) . These studies indicate that Tat protein elicits pleiotropic effects, which are essential for productive infection of HIV and are capable of disturbing normal cellular homeostasis.
Tat is produced in the early phase of infection without being integrated into the host genome (18) . Tat can be secreted out of the cells and can enter the neighboring cells, eliciting important biological activities. Tat targets the primary 'gate keepers' of the mammalian genome, i.e., p53 and pRb2/p130 (19) (20) (21) , and abrogates the G1 checkpoint mechanism in response to DNA damage (22 
Materials and methods
Cell culture and retroviral infection. HOK-16B cells were cultured in KGM as described previously (26) . Retroviruses expressing Tat86 (RV-Tat) were constructed from pLEGFPTat 86 , which was kindly provided by Dr F. Peruzzi (Center for Neurovirology and Cancer Biology, Temple University, Philadelphia, PA). The retroviral expression plasmids were transfected into GP2-293 universal packaging cells (Clonetech, Mountain View, CA) with pVSV-G envelope plasmid using a calcium-phosphate transfection kit (Invitrogen, Carlsbad, CA). Two days after transfection, the virus supernatant was collected and concentrated by ultracentrifugation. The virus pellet was resuspended in KGM and was used for infection or stored in -80˚C for later use. HOK-16B were infected with RV-Tat in the presence of 8 μg/ml polybrene (Sigma, St. Louis, MO) for 3 h, and maintained in serial subcultures.
Reverse transcription (RT)-PCR.
Total RNA was isolated from the cultured cells using TRIzol™ reagent (Invitrogen) and was subjected to RNases-free DNase I digestion at 37˚C for 2 h to eliminate any contaminating genomic DNA. DNA-free total RNA (5 μg) was dissolved in 15 μl DEPC-H 2 O, and the RT reaction was performed in first strand buffer (Invitrogen) containing 300 U SuperScript II (Invitrogen), 10 mM dithiotreitol, 0.5 μg random hexamer (Promega Corp., Madison, WI) and 125 μM dNTP. The annealing reaction was carried out for 5 min at 65˚C, and cDNA synthesis was performed for 2 h at 37˚C, followed by incubation for 15 min at 70˚C to stop the enzyme reaction. The RT product was diluted with 70 μl H 2 O.
The following primers were used for PCR amplification: E6 primers, 5'-ATGTTTCAGGACCCACAG-3' (forward), 4 cells per well was plate onto 6-well plates and incubated 24 h before transfection. The pBlue3'LTR-luc plasmid (1 μg/well) was transfected for 6 h. pRL-SV40 plasmid (0.001 μg/well), which has the Renilla luciferase gene under the transcriptional control of SV40 enhancer/promoter, was co-transfected to normalize the activities shown by the pBlue3'LTR plasmid. Cells were collected 48 h after transfection, and the cell lysates were prepared using DualLuciferase Reporter Assay System (Promega). The luciferase activity was measured using a luminometer. 
Determination of tumorigenicity in vivo.
Tat-expressing HOK-16B cells (0.5x10 7 -1.0x10 7 ) were collected and injected subcutaneously into the flank of immunocompromised mice (strain nu/nu, Charles River Laboratories, Wilmington, MA). The animal study was done according to the protocol approved by the Animal Research Committee at UCLA. The kinetics of tumor growth was determined by measuring the volume in three axes of the nodules using calipers. The efficiency of tumor formation per each tested cell type was determined by the number of the mice (of the total number of mice injected) bearing palpable tumors exceeding 300 mm 3 after 22-30 days post-injection.
Immunohistochemical staining in paraffin-embedded tissues from nude mice. The masses from the nude mice were collected and processed at the Translational Pathology Core Laboratory (TPCL), David Geffen School of Medicine at UCLA. Paraffinembedded tissue samples were sectioned at 4 μm, and immunohistochemical staining was performed with antiKi-67 antibody (C-20; Santa Cruz Biotechnology, Inc.) at 1:100 dilution as described previously (27) . The samples were counterstained with hematoxylin.
Results

Viral expression of exogenous Tat in HOK-16B cells.
To investigate the oncogenic potential of Tat in HPV-harboring cells, we used HOK-16B containing the HPV type-16 genome. These cells were stably infected with the retroviral vector expressing the empty vector (EV) or HIV Tat (RV-Tat), and the cells were named as HOK-16B/EV or HOK-16B/Tat, respectively. Four days after infection, the physical presence of Tat protein in HOK-16B/Tat cells was confirmed with green fluorescence reflecting expression of Tat (Fig. 1A) . We also used semi-quantitative RT-PCR and the Western blotting to confirm the presence of Tat (Fig. 1B and C) .
We next subcloned EV-and Tat-expressing cells and examined the biological activity of Tat using the luciferase reporter gene under the control of HIV long terminal repeat (LTR) promoter. HOK-16B, EV-1 and EV-2, and the clones infected with Tat virus (Tat-1, -2, -3, -4, and -5) were transfected with pBlue3'LTR-Luc. The cells were harvested at 36 h after transfection, and the luciferase activity was measured. The LTR promoter activity was induced by 5-10-fold in HOK-16B cells with Tat expression, while those cells stably infected with EV showed a similar level of luciferase activity as the parental cells (Fig. 2) .
The enhanced expression of HPV-16 E6 and E7 in the presence of HIV-1 Tat.
Tat is known to enhance the expression levels of HPV-E6 and E7 (28, 29) , but its effect on HPV-harboring HOK is unknown. To examine whether Tat also enhances the expressions of E6 and E7 in HOK-16B, we performed semi-quantitative RT-PCR. We found that the expressions of E6 and E7 were enhanced in both selected clones of HOK-16B/Tat cells (Fig. 3) , indicating that Tat can also enhance the expressions of E6 and E7 in HOK-16B.
Proliferative potential of Tat-expressing HOK-16B cells in the presence of physiological calcium level. Our previous study showed that NHOK and HOK-16B can maintain their replicative capacity in KGM but not in Dulbecco's modified essential medium (DMEM) containing 10% bovine serum and physiological level (1.5 mM) of calcium (30) . To determine whether Tat confers the cells ability to replicate in the DMEMbased medium, we cultured the HOK-16B/EV or HOK-16B/Tat cells in DMEM + 10% bovine serum and 400 μM hydrocortisone (Fig. 4) . As expected, the HOK-16B/EV cells showed only limited replication in the DMEM-based medium for five days in culture. However, HOK-16B/Tat cells continued to replicate in DMEM without showing signs of keratinocyte differentiation or cell death and almost reached confluence. These results indicate that Tat elicits phenotypic alteration in HPV-immortalized HOK. Tat. HOK-16B/EV and HOK-16B/Tat cells were subcloned and subjected to Tat-responsive LTR-luciferase assay to determine the biological activity of Tat. pRL-SV40 plasmid was co-transfected to minimize the transfection variation. The experiment was performed in triplicates to determine the standard deviation.
The proliferative potential of Tat-expressing HOK-16B cells in nude mice. HOK-16B is not tumorigenic in nude mice (30) . To examine whether Tat can confer tumorigenic potential of these cells, we injected 1x10 7 cells of HOK-16B/EV or HOK-16B/Tat into nude mice. A tumorigenic cell line, HOK-16B BapT, was included as a positive control. As expected, all (3/3) mice harboring HOK-16B/EV cells failed to produce nodules when 3 out of 3 mice harboring HOK-16B BapT cells developed tumors (Fig. 5A) . The mice injected with HOK-16B/Tat cells formed palpable nodules albeit smaller than those of the HOK-16B BapT cells. Histological examination revealed solid tumor mass formed by the HOK-16B BaP-T cells and non-tumorigenic cystic nodules formed by HOK-16B/Tat cells. When immunohistochemical staining was performed against Ki-67, a marker for proliferation, HOK-16B/Tat cells exhibited strong staining patterns (Fig. 5B) , indicating Tat enhances proliferative potential in vivo.
Discussion
HIV Tat plays a direct role in the tumor pathogenesis of HIV although its role in HPV-associated oral lesions including oral cancers is unknown. Our study showed that Tat enhanced the proliferation capacity of HOK-16B in vitro and in vivo. We confirmed the presence of functional Tat protein in HOK-16B cells after viral transduction of Tat (Figs. 1 and 2 ). Tat also enhanced the expression of HPV-16 E6 and E7 in HOK-16B cells (Fig. 3) , which also acquired the proliferative capacity in high calcium condition (Fig. 4) and in nude mice (Fig. 5) . These results suggest that HIV may contribute to the pathogenesis of HPV through Tat.
A higher prevalence of oral HPV infection in HIV + individuals is evident as demonstrated by several research groups (31, 32) . The majority of HPV genotypes detected in the oral cavity of HIV + individuals were 'high-risk' HPVs, particularly type-16, which is associated with head and neck, anal, and cervical tumors (33) (34) (35) . Therefore, our finding that Tat enhances the expression of HPV-16 E6 and E7 is physiologically significant.
Tat has been shown to have oncogenic properties and contributed to the HIV-associated tumor pathogenesis. Tat (B) The mice were sacrificed to obtain the masses, and the masses were fixed, paraffin-embedded, and stained for H&E. Ki67 was also stained. Tat-1 and Tat-2 represent two cystic nodules isolated from two independent mice. Pictures were taken at magnification x100. inhibits p53 tumor suppressor, both at the level of p53 gene expression and protein acetylation (19, 21) . Likewise, Tat physically interacts with RB2/p130 tumor suppressor protein through the pocket region, resulting in the loss of cell cycle check-point and uncontrolled cell proliferation (20) . The most direct evidence to support the oncogenic potential of Tat was shown using the Tat-transgenic (TT) mice, which were constructed using recombinant DNA containing BK virus early region and HIV Tat under the control of HIV LTR promoter-enhancer (23) . Among the 171 TT mice examined, 29.2% (50/171) showed spontaneous tumor development, while only 3.7% (15/400) control mice showed tumor development. In addition, the transgenic mice also showed significantly higher incidences of non-tumorigenic lesions, such as focal hyperplasia, dysplastic lesions, polyps, cysts, and liver diseases, compared with the controls (23) . Consistent with these previous reports, our study also showed formation of cystic nodules by HOK-16B/Tat cells when injected in nude mice, and that Tat expression led to increased proliferation of cells within the cystic epithelium.
The relationship between HIV and HPV in oral cancers is not as definitely established as in anal/cervical cancers despite the fact that the inner linings of the oral cavity and cervix/anal canal are composed of stratified squamous epithelium, for which HPV exhibits natural tropism. One possible difficulty in establishing the relationship between HIV and HPV-associated oral cancers is the poor demonstration of consistent expression of the HPV E6 and E7 proteins, which are essential oncogenic proteins for transformation (36) . The potential still exists for the occurrence of HPV-associated malignant oral lesions, especially with long-term treatment of HAART and subsequent increased lifespan of HIV + individuals. Therefore, implementing routine screening and preventive vaccination against HPV in HIV + individuals should be carefully considered in the era of HAART.
